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Introduction to Coordinates

Learning Objectives )

After completing this chapter, you will be able to

= understand and use rectangular coordinates and polar coordinates to describe the positions of
polnts on a plane.

= use ordered palrs of a rectangular coordinate system to locate polnts on a plane.

* find the distance between two points on a horizontal or vertical line on a rectangular coordinate
plane.

= find the areas of polygons on a rectangular coordinate plane.

= describe the effects of transformations on the points on a coordinate plane intuitively.
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New Trend Mathematics (2nd Edition) S1B

=]) Preview

[Basic knowledge and techniques required for this chapter. ]

A, Basic Knowledge

Number line

Positive and negative numbers can be represented by points on a straight
line. This straight line is called the number line.
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B. Basic Technlque
1. Comparison between two directed numbers
Example: (a) 7>2 by -3<2
) 1>-4 @) -9<—4

2. Subtraction of directed numbers

Example: (a) 10-3=7 (by 10—-(-3)=13
(c) —-10-3=-13 (d) -10-(-3)=-7

- rEE ]
Ordered Pairs *:.._

»
7~ Class Aotivity 9.1

Aim: To understand the concept of an ordered pair

1. Figure I shows the first 4 rows of seats in a mini-cinema. Alan’s
I— geat number is AS, which represents the position X in the figure. : W
Show Ans. s ; 5 :
The positions of Suki, Bonnie and Cathy are ¥, Z and W respectively.

(a) Suki’s seat number: & Z
Bonnie’s seat number;

Cathy’ t ber:
athy’s seat number Xg,—fﬁg
(b) If Joseph also watches the movie and sits beside Cathy, his AR 2 B

geat number is ; Figure I
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Introduction to Coordinates— q

2. Figure Il is the seating plan of a classroom. - Motice-board

(a) Suppose Kelvin sits in the 2nd row of the 1st column, describe Lo
the position of Charlie in terms of row and column. Alfred  Charlie  Gary

Alan Karen Richard

Window  Window

5 - . . Falvin Helen Cathy
(b) Alfred sits next to Charlie. Try to describe Alfred’s position

in terms of row and column. =

Dioor
_— Elackboard

Joe Eonnie Dennis

Figure II
(c) Where does Derek sit? .

(d) Who sits in the 3rd row of the 2nd column?

(e) Who sits in the 2nd row of the 3rd column?

3. Map reading
Figure III shows the map of Hong Kong Island on a piece of graph paper. In order to show the
position of a place, we have to use column and row, e.g. the position of Central can be represented
by column 4 and row 8, or simply (4, 8). This pair of numbers arranged in a special order within
brackets is called an ordered pair. We can represent positions of any places on the map using
ordered pairs.

< Quarry Bay
]
Causeway Bay S

® )
Sheung Wan  Cantral

Victoria Peak e}
L] ®
il Happy Valley
< F
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al Tam
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Figure ITT

ordered pair 18
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I Show Ans.

(a)

(b)
(c)

(d)

(e)

In the Class Activity, three different ways are used to represent the
position of a point on a plane:

Complete the following. [(a)(i) is given as an example. ]

(i) (4, 7) representing the position Z is Victoria Peak.

(ii) (5, 5) representing the position is

(iii) (2, 5) representing the position is

(iv) ( g ) representing the position _______ is Sheung Wan.

v) ( s ) representing the position _______ is Tai Tam Reservoir.

(vi) ( > ) representing the position P is

Write down the ordered pairs of the following positions.
44,8 B( e b Dl )
EC , )y F , ) @ , ) H( , )

Do ordered pairs (4, 7) and (7, 4) represent the same place? Why?

What is common among the ordered pairs representing Sheung Wan, Central, Causeway Bay
and Quarry Bay?

What is common among the ordered pairs representing Quarry Bay, Tai Tam Reservoir and
Stanley?

ow [ gee ...

, We can use an ordered pair to "\
represent the pesition of a
\_peint on a plane.

In question 1, “AS’ represents the position that Alan sits.

In question 2, “2nd row of 1st column’ represents the position that Kelvin

sits.

In question 3, (4, 8) represents the position of Central.

Representing the position of a point by an ordered pair (a, ) is often
used in Mathematics. One should pay attention to the proper order of
numbers when writing an ordered pair, otherwise the point may be
mistakenly located. For example, (4, 7) and (7, 4) in question 3 represent
Victoria Peak and Repulse Bay respectively.
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:1: L) Rectangular Coordinate System 3.

20592299

In this section, we will study a system using ordered pairs to represent the
positions of points on a plane, called the rectangular coordinate system.

I'» Rectangular coordinate plane

I. Coordinates

Figure 9.1 shows a rectangular coordinate plane. It is formed by a
horizontal line (x-axis) and a vertical line (y-axis).

Figure 9.1
Of which,
1. the x-axis and y-axis are called the coordinate axes, their point of
intersection (i.e. point O) is called the origin.

2. the position of any point P on the plane can be represented by the
ordered pair (o, b). @ and b are the x-coordinate and y-coordinate
of the point respectively. (a, b) are also called the coordinates of 4 The coordinates of the origin are (0, 0).
P. P can also be represented by P(a, b).

We add grid lines onto the plane for easier reading. Figure 9.2 shows the
positions of some points on a rectangular coordinate plane.

s
1 A
L.l 1 1 1 JA] : .
o T T I The coordinates of point A are (4, 3);
| Bl .1 i _ :
?% % the coordinates of point B are (-1, 2);
e | ] ]
S -1 -] { = the coordinates of point C are (-3, —1};
¥ T T | s T | 1 | < .
w il s 2 Il | + 3 1 the coordinates of point D are (2, -2);
[ | I ' : :
:_._-.___%_m.g;,h,}'gb , the coordinates of point £ are (1, 0); and
S the coordinates of point 7 are (0, —3).
879
Figure 9.2
rectangular coordinate system B A 42 1 2 & rectangular coordinate plane . A 4 1 ¥ T
x-axis x B y-axis v Bl coordinate axis A& {Z B origin J& 2
x-coordinate x 4% 1 y-coordinate y 4 12 coordinates 4 12
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ample 91 Writing down the coordinates of points %E s.,....i.,..
Classwork 9.1

The figure shows the positions of

E

The figure shows the positions of

points 4 to H on a rectangular o 2 points A to H on a rectangular
coordinate plane. 4o coordinate plane,
. : H ¥
(a) Write down the coordinates of O G s T
L : =gl § 3§ § 03 |4 qi_
the points in the figure. = £ ; =
. - . T : o 5 3
(b) Which points are on the x-axis? =1 i | | | 1+
What are their y-coordinates? T T I E 1 ;
(c) Which points are on the y-axis? ™ o ol i i —.l;“-]t-c | 2 3
What are their x-coordinates? o ! 11
L o e e e |

@olutlon - -

(a) Write down the coordinates of the
(a) A(=3,2), B(-3, 0), C(-3, -2), D(-2, -3), points in the figure.
(b) Which points have the x-coordinates
E(0, -3), F(2, -3), G(0, 1), H{4, 0) equal to 07

) ] ] (c) Which points have the y-coordinates
(b) B and H are on the x-axis. Their y-coordinates are both 0. equal to 07

(c) E and (¢ are on the y-axis. Their x-coordinates are both 0.

7 } Additional Example 9.2

@,
Example 92 Marking the points on a rectangular coordinate plane o, -
& Clazswork 9.2 seltion

(a) Mark the points A(6, —2), ¥ ! (3) Mark the poirits A(5, 2), B(0, -2)
a) Mark the points A(5, =2), B0, -
B(6, 0) and 0(6_’ 3) on the 3:: T and C(—2,p—2) on the rectangular
rectangular coordinate plane. <l coordinate plane,
(b) Join 4, B and C together. T s
(c) Which coordinate axis is i — >
; = ¥ 3 4 3 % 1
parallel to the line segment =t
AC? =51
Gnluﬂnn
(), (b) 7 Y (b} Join A, B and C together,
At - (c] Which coordinate axis is parallel to
cu i | the line segment AC?
| ==
T L
'_I~'__ i & 3} 4 % i
e A

(c) The y-axis is parallel to the line segment AC.

j © 2009 Chung Tal Educational Press. All rights reserved.



II. Quadrant

In a rectangular coordinate plane, the x-axis and y-axis divide the plane

into 4 regions. Each of these regions is called a quadrant.
¥

Attention!
The points on the x-axis or y-axis
do not lie in any quadrant,

Figure 9.3

(Example 2.3 Determining the points lying in different quadrants &W -
sswork J.

(2) Mark the follov&rmg points on the T\ (a) Mark the following points on the
rectangular coordinate plane. 5 rectangular coordinate plane.
A(1, 5), B(-2, 3), C(4, 3), f A(=4, 4), B0, 2), C(4, 4), D3, 0),
(1, 2), E(-2,0), F(4, 0), i E(5, -2), H2, -3), &[0, -8),

G(l, -2), H(-1, -2), I(-1, -4), Al e #eby =l se )
J(3, -4), K(3, -2) ; ﬁ

(b) Join the points according to the order ! 3
A, B,CAD.EF D G HIJK G . —_? 5

(c) Write down the points lying in each = ) R I = P
quadrant. — 1!

@olutlon ) L

(a), (b) 2 - 1,

i L (b) loin the points according to the
” b order 4 B C O E F G H I JA
B 3 5 \"c— (c) Write down the points lying in

each guadrant.

k
-

1 J

(¢) The points lying in quadrant I are 4, C and D.
The point lying in quadrant IT is B.
The points lying in quadrant I1I are A and /.

The points lying in quadrant IV are &, J and X.
quadrant £ R
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1:» Drawing a rectangular coordinate plane on graph paper
The steps of drawing a rectangular coordinate plane on graph paper are as follows:

Step 1: On a piece of graph paper, draw two perpendicular lines. Label the horizontal line as thex-axis, the

vertical line as the y-axis and their point of intersection as origin O.
¥
I3

Figure 9.4

Step 2: Mark the scale numbers on each axis.

L1

Figure 9.5

When drawing a rectangular coordinate plane, we should decide the scale on the coordinate axes and the
position of the origin according to the given conditions. Sometimes, a rectangular coordinate plane may need
to cover a wider range or to concentrate on a certain region.

The following are some examples:

2 v
A | | & A
£ -t R S I
41 I o
N =T - I P o 7
| Jatili- o Fose) —g0-50-d0-80-20-00 |-
S+ kol 21§ ’ T : ™
P - - 1 rim
e e e : ——t—t—t e o e e
0% ols 1 1|5 2 2s =
= B =i —0.5'-- . . |- gt
(a) (b) (c)
Figure 9.6

9.8
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mple 94 Writing down the coordinates of the point of intersection
(a) Mark four points A(—1.5, 0), B(0, 3), C(1, 2) and D{(-2, 0.5) on the
rectangular coordinate plane.
(b) Join 48 and join CD.

(c) Write down the coordinates of the point of intersection of A8 and
CD.

Gnluﬂnn

(a), (b) A

b th &

AT

T P o

 Ee]

(]
)
T
n
4

(0] ']

(c) From the figure, the coordinates of the point of intersection are
(-1, 1).

r; Skills Upgrading Corner 9.1

& Classwork 9.4

{a) Mark the following points on the
rectangular coerdinate plane.
P(-1, 1), Q(0.5, -2), R(-2, -1.5),
S35,

(b} Join PQ and join RS
(o) Write down the coordinates of the
point of intersection of PQ and RS.

(a) Mark four points A4(3, 5), B(-1, -3), C(1, 4) and D(6, —1) on

the rectangular coordinate plane.

(b) Join 48 and join CD.

(c) Write down the coordinates of the point of intersection of

AB and CD.

(d) Write down the quadrant where the point of intersection of

AB and CD lies in.
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5y Exeroise 9

.- e ® u s
98 _SBEESS JI5838 aTENE SoN0Es
sdaad DOF 8 VESLARHALR A0R

[ Graph paper is provided in the Appendix. ]

Level 1

1. The following is a map of Yau Ma Tei.
5

Tin Hau Temple

Police g

Row

Public Librar

Column

Represent the following locations using ordered pairs.

(a) Jockey Club Clinic (b) Kowloon Central Post Office (c¢) Tin Hau Temple
(d) Car park (e) Police station (I) Public library
2. The figure shows the positions of points 4 to 7 on arectangular pa
coordinate plane. Write down the coordinates of the points in 4 X DLiC
the figure. :
A
5 £ B
SN\ 49 | T
Al T A

3. One morning, Kate laid on the bed and looked at the ceiling of ﬁ —
her room. A fly came in the room and stopped at 6 different 5 Ceiling
positions, Kate imagined the ceiling as a 9 X 5 rectangular grid, 4
and worked out the route of the fly as shown in the figure. 3 */N\
Write down the coordinates of the locations where the fly 5
stopped. ;
ol | "
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4. Write down the x-coordinates of the following points.

(@) A2, 6) (b) B(-3,4) (©) C(0,7)

Write down the y-coordinates of the following points.

(@) P4, 5) (b) O(-3,3) (€) R(2,-2)
Fill in the table with the points represented by the following coordinates.

A(2, 5) B(3,-2) C(-4,7) D(0, -4) E(-3, 0) F(-2,-1)
G(-7, 9) H(1, 0) (3, 4) J(0, 5) K(-6,-1) L(2, -8)
QuadrantI QuadrantII QuadrantIII Quadrant IV x-axis y-axis

Aa

Charles has made a robot which can move a letter from a specified

position to a new position. The following table shows the original o = :
positions of the letters and their corresponding new positions. 3 T
Letter N K T A H Al
-

Original position (1,4) 2, 4) (3.4) 4,4 (5,4
New position 4, 1) (5, 1) (1, 1) (3.1 2,1

Write down the five letters according to the order of their new
positions from left to right.

Level 2

8.

10.

11.

12.

(a) Mark three points A(2, —2), B(2, 1) and C(2, 4) on a rectangular coordinate plane.
(b) Join 4, B and C together.

(c) Which coordinate axis is parallel to the line segment AC?

(d) What is common among these coordinates?

(a) Mark three points P(-2, 3), 0(0, 3) and R(1, 3) on a rectangular coordinate plane.
(b) Join 2, O and R together.

(c) Which coordinate axis is parallel to the line segment PR?

(d) What is common among these coordinates?

(a) Mark two points P(2, 3) and O(-2, —3) on a rectangular coordinate plane.
(b) Join PQ.
(¢) Does the line segment PQ pass through the origin?

(a) Mark four points A(0, 1), B(2, 5), C(-2, —3) and D(4, 4) on a rectangular coordinate plane.
(b) Which three points can form a straight line?

(a) Mark four points A(4, 4), B(2, 0), C(6, 3) and D(0, 1) on a rectangular coordinate plane.
(b) Join AR and join CD.
(c) Write down the coordinates of the point of intersection of 48 and CD.

© 2009 Chung Ta Educational Press. All rights reserved.
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13. (a) Mark three points 4(3, 4), B(3, 1) and C(7, 1) on a rectangular coordinate plane.
(b) Measure LZABC.

14. (a) Mark four points A(2, 1), B(-2, 1), C(-2, -3) and D(2, —3) on a rectangular coordinate plane.
(b) Join the points according to the order A, B, C, D and A.
(c) What kind of quadrilateral is ABCD?

(d) Draw the two diagonals of the quadrilateral, and write down the coordinates of the point of intersection
of the two diagonals.

(e) Write down the quadrant where the point of intersection of the two diagonals lies in.

15. A mechanical arm in a factory can perform cutting tasks through a
computer program. If the coordinates of the vertices of a figure are
input, the arm will cut the figure out accordingly. If the following
coordinates are input, what figure will be obtained?

(@ (1,3),(-2,2),(2,-1)

(b) -4, 1), (-1, 1), (-1.4), (-4, 4)

(©) (0,0),(5,0),(6 3), (1, 3)

@ -2,-3),2,-3), (1, 1), (-2, 1)

(e) (0,8), (5, 0),(0,-8), (-10, -4), (-10, 5)

ii: L&) Distances ..,

»
I Class Activity 9.2

Aim: To explore the method of finding the distance of two points on a horizontal or vertical line on a
rectangular coordinate plane

i i i Show Ans. L
1. Refer to Figure I and answer the following questions. -I A

(a) (i) Write down the three points in the figure according to 4
the order of their locations from left to right. Fila 2 D(5. 2}
i ' Eaal |
(i) Arrange the x-coordinates of D, £ and # in ascending 5
order. = '
Figure I

(iii) If the x-coordinate of point K is larger than the
x-coordinate of point Z, then on which side of Z does
K lie?

mechanical arm #& 8t B

4
© 2009 Chung Ta Educational Press. 4ll rights reserved.
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(b) (i) Consider the x-coordinates of D and E, write down an expression for the length of DE.

(i) Consider the x-coordinates of E and F, write down an expression for the length of EF.

(iii) If the x-coordinate (m) of point M is larger than the x-coordinate (u) of point &, and their
y-coordinates are equal, write down an expression for the length of A/N.

2. Refer to Figure II and answer the following questions. -

(a) (i) Write down the three points in the figure according 4 * G4
to the order of their locations from bottom to top. *H{d3)
(ii) Arrange the y-coordinates of G, H andJ in ascending —————f——————15
— 7 1T 1T r I rri
. B wf{d, =2}
(iii) If the y-coordinate of point 7 is larger than the Figure 11
y-coordinate of point ¢, then on which side of O
does P lie?

(b) (i) Consider the y-coordinates of (¢ and H, write down the expression for the length of GH.

(i) Consider the y-coordinates of A and J, write down the expression for the length of HJ.

(iii) If the y-coordinate (#) of point R is larger than the y-coordinate (s) of point S, and their
x-coordinates are equal, write down an expression for the length of RS.

Now [ cee ...

The length of a horizontal/ vertical
line segment can be found by
calculating the difference batween
the x-coordinates/ y-coordinates of
N\ the points at both ends.

© 2009 Chung Ta Educational Press. All rights reserved.
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From the Class Activity,
1. if A and B are two points on a horizontal line, A is on the right of B,

and the x-coordinates of 4 and B are « and b respectively, then

AB=a—-b

3w

[y

2. if C and D are two points on a vertical line, C is above D, and the
y-coordinates of C and D are ¢ and d respectively, then

CD=c—d

@Exiamlon ) 9.1

- 1. (a) What is common among the coordinates of points on a horizontal line?
(b) What is common among the coordinates of points on a vertical line?

- 2. The figure shows some vertical and horizontal line segments. Find the lengths of all the line segments.

AB= A
CD= A4 B4
- Cl-7,4) H—

EF= K4, 2) P33
GH= =2 1) J2.1m

7= D=7, 0) -

- l 5] 6(1.—1)1 -

K= L4, -2) Q(3.-2)
VN MET, =3) Ni{=1, -3) E(@.-3) F(8,-3)
PO= Hi1, -4)

ﬂii‘lp'& 9.6 Finding the distance between two points

—
& Classwork 9.5

Find the distance between each pair of points below.
(@) A(3,4), B(2,4)

(b) P(2,-1), 02, 5) (a) A4, 2), B(3, 2)
(b) A-7, -8), Q(-7, -12)

golnﬂon

(a) AB =(3-2)unit < A4Fisahorizontal line segment
= 1 unit

(by PO=1[5-(-1)]units 4 PO is a vertical line segment
= 6 units

w © 2009 Chung Tal Educational Press. All rights reserved.

Find the distance between each pair
of points below.



_ple 96 Finding coordinates of points with the distance between

— I_
two points given & Classwork 9.6

In the figure, the distance between 4 J In the figure, AZ is parallel to the
and B is 6 units, and that between 4 and xB(x 4) xA(2.4) %25 208 U CBEnes Beeen A

. . and Bis 9 units,
C 18 7 units. v

(a) Find the value of x. ()
(b) Find the value of y. < Alx ¥ xB(5,3)

@olutlon - >

(a) AB=6units xC2. ¥
2—-x=6

x==4
= (a) Find the value of v,

(b) AC=7units (b) Find the value of x.
4—y=7
y=23

(%]

LS XA ] le 97 Finding the total length of line segments . — -
=Shmp & Classwork 9.7 -

In the figure, a model car starts to move J’k T ol carts 1
. A M e Tlgure, a model car starts to
from 4 to F along line segments AB, g

O-1,4) move from A to £ along line segments
BC, CD and DE. Find the total distance £(3. 4) =— a AB, BC, CD and DE. Find the total
travelled by the model car. A2, 3) distance travelled by the model car.
¥
A&
Bolutlon & A4,3) B(2,3)
- i E
. o
AB = [3 - (-2)] units
= 5 units Cil-1,-2) B(2.-2)
Ll f
BC = [2 - (-1)] units EEMEEE
= 3 units
CD=[4 - (-2)] units
= 6 units (.5 2, -5)
DE = [(-1) — (-=3)] units
= 2 units

The total distance travelled by the model car

=(5+3+6+2)units
=16 units

© 2009 Chung Ta Educational Press. 4ll nghts resewed.m
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_ Skills Upgrading Corner 9.2

The figure shows the line segments 7Q and QR, where PO | OR and

PO=0QR.
(a) Find the length of PQ.
(b) Find the coordinates of R.

(c) If point S is added in the figure such that PORS forms a square, find

the coordinates of .5 and the perimeter of square PORS.

B

o)

1. In the figure, find the length of each line segment.

Find the distance between each pair of points below. (2 — 4)
2. (a) A(2,4), B(6,4) (b) A(3,-2), B(7,-2)
(c) A(3,0), B(-4, 0) (d) A(-5,1), B(3, 1)
(e) A(-3,4), B(-8, 4) () A(-4,-2), B(-1,-2)

3. (@) P(5,4), 06, 2)
(©) #(0, 2), 90, -2)
(&) P(1,-1), O(1, -5)

(by P(1, 1), Q(1, -4)
(d) P(=2,-4), 0(-2,3)
() P(-4,-2), 04, -6)

4. (@) X(-=5,3.5), ¥(=5, -2.5) (b) X(-4.3,2), Y8, 2)

© X(% 6). Y(%, =) (@ X(—%, i), Y(%, i)

Lovel 2

5. In the figure, the distances between points A and B and points 4 and

C are both 9 units. Find the values of x and y.

© 2009 Chung Ta Educational Press. 4ll rights reserved.

Pi-4,8)
- 2
(@]
-
G(-4, -8) R
¥
A
E(-5, 4)
A4, 3)
Gi-1 ? Hi3 2)]
0 l -
Fi-5-1) B4, -2
Cl-2,-3) Di5, -3)
A2, 4) Blx 4)
o =
x
CiEy)




6. In the figure, the distance between A(k, 3) and B(1-2k, 3) is
4 units. Find the value of k.

7. Inthe figure, an ant starts at A and moves to £ along line segments
AB, BC, CD and DE. Find the total distance travelled by the ant.

8. In the figure, ABCD is arectangle. Find its perimeter.

9. In the figure, PORS is a rectangle.
(a) Find the perimeter of rectangle PORS.
(b) Find the coordinates of S.

10. In the figure, ABCD is arectangle where AB = 24D.
(a) Find the lengths of AD and AB.
(b) Find the perimeter of rectangle ABCD.
(c) Find the coordinates of B and C.
(d) If E is a point on DC such that DE=EC, find the coordinates of
E.

© 2009 Chung Ta Educational Press. All rights reserved.

Alk 2) Bl -2k 3)
" x
.
ja’
F 9
\H/A (-2, 3)
5 e
s D4, -1)
B(-32, —4) C 4, -4)
¥
A
Al=2,3) B2, 3
> i
3]
of-2,-1) cia =1y
W
A
G(-3.3) R(2,3)
3
0
P-3, —4) s
¥
t a9 B
Di4,8) G
:
0

9.17
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11. In the figure, ABCD and PORS are squares. RS=3438, and RS is
parallel to the y-axis.

(a) Find the lengths of 4B and RS.
(b) Find the coordinates of C and D.
(c) Find the coordinates of 2, ¢ and §.

i LX) Areas of Polygons .

In primary schools, we have learned how to find the areas of some
polygons.
e.g.

Area of a triangle = %bh

5 -==--

R
[*3 b |
Area of a parallelogram = bh !
h
|
|
B
s b »t
fe——a—>»|
Area of a trapezium = ebyk
|
LR
|
|
=
M & i

In this section, we will use these formulae to find the area of a polygon
on a rectangular coordinate plane.

© 2009 Chung Ta Educational Press. 4ll rights reserved.
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ample 9.8 Finding the area of a triangle using the formula directly e s—" -
& Classwork 0.8 —

Find the area of A4BC in the figure.

Find the area of APQR in the figure,

¥
NELE) ade

e : %\
]\ \\

-
-~ o \ 3

h 4
b4
=
3
L2
A1
~
=

!

inuﬂnn

[Analysis: Draw a straight line BD, where D is a point on AC such that BD 1 AC ]
The coordinates of D are (2, 1). y

AC=[3 - (-4)] units (24 5)
= 7units ”
= 4 units - -

BD = (5- 1)units 2
Area of AABC y b b 5Ol | |

£ dnh
\

= %XACX BD

= %x 7x 4 square units

=14 square units

(Example 99 Finding the area of a trapezium using the formula directly %1 o
Classwork 9.0 I —

Find the area of trapezium 4ABCD in the figure.
y Find the area of trapezium PQRSIn the

A figure.

B-1.2) C(3,2)

© 2009 Chung Ta Educational Press. 4ll nghts resewed.u
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Golnﬂnn

[Analysis: Since AD and BC are parallel to the x-axis, AD // BC. Draw a straight
line CE, where Eis a point on AD such that CE1 AD .]

The coordinates of ¥ are (3, —2). b
BC =13 - (-1)] units B(-1, 2) ) C(3,2)

= 4 units ;
AD=[4 - (-3)] units /_ |
= 7 units & | On
CE = [2 - (~2)] units / lﬂ\
E

= 4 units A3, -2)

Area of trapezium ABCD
1
:EX(BC+AD)><CE

:%x(.ﬁl + 7)x 4 square units

=22 square units

xample 9.10 Finding the area of a quadrilateral by dissection %—_ IT
Classwork .10 o

Find the area of quadrilateral ABCD in the figure.

Find the area of quadrilateral PGRSin

Y the figure.

i

b | =

e

gl

= Rr R B N O
I I T T T
¥ T

gy W
5

[}

@oluﬂon

[Analysis: Divide ABCD into trapezium BCDH and AAHD.]

Area of trapezium BCDH N .

1 | B .,“ C
:EX(BCJrHD)xBH _ il ] \
:%X(5+7)><35quare units IH_WJ_:Q_:@ — Q {lD;x
=18 square units /_2— -

o) .
: 4 o o

© 2009 Chung Ta Educational Press. 4ll rights reserved.



Area of AAHD
:%XHDXE‘I

1 .
:EX 7X 2 square units
=7 square units

Area of quadrilateral ABCD

= Area of trapezium BCDH + Area of AAHD
= (18 + 7) square units

= 25 square units

(P

mple 9.11 Finding the area of a triangle by the method &L. ﬁ
of subtraction Classwork 0.11
Find the area of A4BC in the figure. Find the area of AABC N the figure,
y
i A
8 1.1 3
\"
/ \K.
/ ' N d
el e
—4/:’3 2 4 9] 3
— j
AT £
5] rald

Qoluﬂon -

[Analysis: Draw a rectangle APQR around AABC. Find the area of APQR and
then subtract the areas of the unshaded regions within APQR.]

B
i I 0 e Q
.
/ L \
/ : e
/ el
Lt b hOL
AT
A ] R
Area of rectangle APQOR PJ 7 I_Q
= 7 X 5 square units 5
= 35 square units u ]
A R

9.21
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Area of AACR [
ia 2
:l><7><2 square units A TR
2

=7 square units

Area of ABQC E_5 @
: |3

= l><3>< 5 square units

2 C
= 7.5 square units
Area of AAPB D i B
:l><5><2 square units 5V

2
= 5 square units A

Area of AABC g

— Area of ABQC — Area of AAPB
=(35-7-17.5 - 5) square units

= 15.5 square units

p_B
= Area of rectangle APOR — Area of AACR V m
P

_ Skilis Upgrading Corner 9.3

Find the area of heptagon ABCDEF( in the figure.

B,

© 2009 Chung Ta Educational Press. 4ll rights reserved.
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[ Graph paper is provided in the Appendix. |

Level 1

1. Find the area of the shaded region in each of the following figures.

(a) s
Bi-2.2 1 cid, 2)
_ i :1"@ I y
Ada b [ D2 -2
b
() 7y
" B(3 2
" I
£ £ & 0,
, =1 3
A(—a."— [ e =B

2. The figure shows A4BC.
(a) Find the length of 4B.
(b) Find the height CD of AABC.
(c) Find the area of A4BC.

3. The figure shows trapezium ABCO.
(a) Find the lengths of O4 and CB.

(b) If point IV is on the y-axis such that BN is perpendicular to the

y-axis, find the length of BN.
(c) Find the area of trapezium ABCO.

(b)

(d)

© 2009 Chung Ta Educational Press. All rights reserved.

y
, B4, 2)
| 6 g
Hol b if
IEA /
B PR T
y
B
B8, 2 cid 2)
NC T /
\ 1 1,
B bN\HC| |
A1l bl
y
¥ 3

A, 1

9.23
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4. Find the area of the shaded region in each of the following figures.

(@) 4 (b) y

(d)

Fi-4,-4)

Find the area of the shaded region in each of the following figures. (5 — 6)

5. (a) s (b) A
g & ”
S By i
3 5 U
\ : P
£ 2Nl |
(©) f’ (@) ):
A .
\ T
N i
> 5 N\t e
_4 i
=N
gl I b
e
. P
i kDb dol §

9.24
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6.

10.

11.

=B
(@) z (®) f
A0, 5) Fi2,5)
\8(5 0, E(—S.‘I)/ G4, 1)
0 ik \// :
/ H{-10-3)
Cl0.-5)
© 3 () y
SI7 35
U(-5,3) /
J7.3) e K(2.5)
\/ _ . r’"—’(—; 1 i
(_2I O)y ! '
N(-T,-4)
xM(z. -8)
T(-2,15)
The following are the coordinates of the vertices of APOR. Draw each triangle on a rectangular coordinate

plane, and find its area.
(a) P(1,3), O(1, -2), R(5, 0) (b) F(0,0), O3, 4), R(-3, 2)

The following are the coordinates of the vertices of quadrilateral ABCD. Draw each quadrilateral on a
rectangular coordinate plane, and find its area.

(@) A(-2,-1), B(-2, 2), C(3, 5), D(3, -2) (b) A(0, 0), B(1, 3), C(4, 4), D(5, 0)

The following are the coordinates of the vertices of hexagon EFGHIJ. Draw each hexagon on a rectangular
coordinate plane, and find its area.

(a) E(2, 6), F(4, 3), G(2, -2), H(-2, -2), I(-4, 1), J(=2, 6)
(b) E(-5, 3), F(=3, 1), G(2, 6), H(2, -3), I(-1, -1), J(-5, —5)

It is given that three vertices of a rectangle are A(2, 1), B(7, 1) and C(2, 5).
(a) Mark the points 4, B and C on a rectangular coordinate plane.

(b) Find the coordinates of the fourth vertex D.

(c) Find the area of rectangle ARCD.

The figure shows APQOR where PR=5 units and Z/PRO=90°. f:
(a) Find the area of APQR. R(1LT)
(b) Hence find the length of OR. <
P(-3.4)
c \\\ .
Q7. -1)

© 2009 Chung Ta Educational Press. All rights reserved.
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L
'

12. (a) In the figure, the area of A4BD is 15 square units. Find the
value of k. D3 k)

(b) Point C is added in the figure such that ABCD is a parallelogram
with diagonal BD. Find the coordinates of C.

Al=10 B(5, 1) G
;ri}[n the figure, OA is a side of AOAB. Find two possible sets of f:
" “coordinates of B so that the area of AOAB is 6 square units. Explain
your answer. o
.
)

< 0
Y J

'
»

L) Polar Coordinate System '

- 4

29393

V/ 4
7 Class Activity 9.3

Aim: To recognize the polar coordinate system

In the figure, a submarine O is surrounded by six enemy warships 4, B, C, D, E and ¥. Warship C is
6 units and the angle of direction is 120° from the submarine.

Enemy warships
are approaching!

Where are
the enemy
warships,
Siry

m © 2009 Chung Tal Educational Press. All rights reserved.
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Fill in the table with the information on the location of the enemy warships.
Warship A B c D B F
Distance 6
Angle of direction 120°

Now [ eee ...

In addition to the rectangular coordinate
system, there are other coordinate
systems to determine the positions of
points on a plane.

The polar coordinate system is a coordinate system which uses the

- &)
distance and angle of a reference point to determine the positions of g :
points. I LT.Tool

1202 : 607

150° 30°

o DO‘-—
180° | 11PN

210" . 330°

240 el ~ 5g00®
2702

Figure 9.7
In Figure 9.7,
1. Ois a fixed point called the pole.
2. OfFis afixed line called the polar axis.
3. The distance from O to P is called the radius vector .
4

The angle between OF and OF is called the vectorial angle 6 which 4 6 (read as theta) is usvally used to denote
an unknown angle.

measures from OF to OF anti-clockwise.

5. The position of P is represented by an ordered pair (#, 8), called the 4 For the ordered pair (v, 9), the radius

polar coordinates of P. vector 7 should be written first and then

the vectorial angle 6. Therefore the polar
coordinates of & are (0, 0%).

polar coordinate system 18 Al 12 2 &7 pole & polar axis 15 2ff
radius vector & vectorial angle 1 polar coordinates # 4 12

9.27
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Figure 9.8 shows the positions of some points on a polar coordinate
plane.

jgse_ O6F gge
o
W T

255° o700 285°

Figure 9.8

@Exunslan} 9.2

The figure shows a polar coordinate plane. 90°
(a) Write down the polar coordinates of points A to F in the figure.

A:

o - A

(b) Mark two points (¢(4, 120°) and H(2, 330°) on the polar coordinate
plane.

(¢) Find ZBOG and LCOH.

(d) Find the distance between C and H.

polar coordinate plane 1 4 1 3

ﬂ © 2009 Chung Tal Educational Press. All rights reserved.
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[ A polar coordinate plane is provided in the Appendix. ]

Level 1

1. The figure shows a polar coordinate plane. Write down the 4 - 90°? )
polar coordinates of points 4 to E. tey | ol

150° | 300
2. (a) Mark four points A(3, 30°), B(3, 120°), C(3, 240°) and : | A
D(3, 330°) on a polar coordinate plane. | D "
(b) What is common among these points? : T s '. ST e s o

3. (a) Mark four points P(1, 60°), O(2, 60°), R(3, 60°) and 2100 1 3300
S(4, 60°) on a polar coordinate plane. B¥ ' *

(b) What is common among these points? 2400 - 3000
270°

4. (a) Mark four points W(1, 120°), X(3, 120°), ¥(2, 300°)
and Z(4, 300°) on a polar coordinate plane.

(b) Join the points according to the order W, X, ¥, Z and W.
What is the figure obtained?

Lovel 2

5. (a) Mark three points (0, 0°), A(6, 30°) and B(6, 150°) on a polar coordinate plane.
(b)y What kind of triangle is OAB?

6. The polar coordinates of A, B and C are (2, 30°), (6, 30°) and (3, 210°) respectively.

(a) (i) Find the distance between 4 and 5.
(ii) Find the distance between 4 and C.

(b) Which point, B or C, is farther away from 4°?

7. (a) In the figure, A(3, 30°), B(3, 120°), C and D(3, 300°) on a0°
the polar coordinate plane form a square. Find the polar
coordinates of C.

(b) Find LAOB.
(c) Find the area of square ABCD.

150° (3. 120 30°

180

210° D(3.300%) 5300

240° 300
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8. The table records the locations of the centre of typhoon Dragon Ball at different times.

'(.'II:')i?rth) Polar coordinates 800 km
(g;olé?am) (800, 320°) \

L7 400 km ‘
(8:00 pm) (600, 310°)
(s;ozé?am) (400, 300°) (/) "
(g;ozélm) (300, 280°) -\;C
(8:035?m) (300, 240°) ;O\::g
(S;SJLm) (400, 210°) e g
(s;:é?mn) (600, 200°) -
(s;:(;?pm) (700, 190°)
(g;(fé?am) (800, 180°)

(a) On the polar coordinate plane with Hong Kong as the pole, mark the locations of Dragon Ball at

different times.
[A copy of the figure is provided in the Appendix.]

(b) When Dragon Ball came within 800 km of Hong Kong, the observatory hoisted warning signal
No.l. What was the time then?

(c) According to the given information, when was Dragon Ball closest to Hong Kong?

(d) When did Dragon Ball start to land? How far was it from Hong Kong at that moment?

» Transformations on a Rectangular
Coordinate Plane *..

In Chapter 8, we have learned some basic transformations of plane
figures. In this section, we try to observe the changes of the coordinates
of points and plane figures on a rectangular coordinate plane after
transformations.

39

© 2009 Chung Ta Educational Press. 4ll rights reserved.
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i'» Translation

In Figure 9.9, each point on the solid-lined triangle moves in the same
direction and distance to obtain the dotted-lined triangle. This kind of
transformation is called translation.

In Figure 9.10, line segment A8 is translated 4 units to the right and
1 unit upwards to A'A".

Under the translation, j{ ]
: . 5 g
A(2, 1) is transformed to A'(2+4, 1+1), i.e. A'(6, 2); T T 4 /
B(3, 2) istransformed to B'(3+4, 2+1), i.e. B'(7, 3). =T /, = 1A
e -1
Therefore, on a rectangular coordinate plane, ; A: - Lol
O 2 3 4 % ¢ 1

If the coordinates of 4 are (x, y), and Figure 9.10
A is translated 4 units to the right and
k units upwards to the image A', then
the coordinates of A' are (x + A, vy + k).

el

- e — . o
P g a -7
F

[ When < 0, A moves to the left; /*‘/
| when k< 0, Amoves downwards., |

\.
— -

E -“‘*‘% I Additional Example 9.12

. -

xample 9.12 changes in coordinates after translation P -_
& Classwork 0.12 selion

The vertices of square ABCD are A(0, 0), B(0, 2), C(2, 2) and D(2, 0).
Square ABCD is translated 3 units to the left and 4 units upwards to

In the figure, AABC is translated
4 Units to the left and 2 Units upwards

obtain the image A'B'C'D". to obtain the image AA'B'C'. Draw
(a) Draw ABCD and A'B'C'D' on the same rectangular coordinate plane, AA"—D;.C' i tr;ehfigurg andrzlcljgtge
and find the coordinates of the vertices of image 4'R'C'D". coordinates © tf vertices o '
(b)y Compare the positions, shapes and sizes of ABCD and A'B'C'D'. | 1o
g
Qolutlon :
(a) it 5
1 ¢t 5
54 Coordinates of 4' =(-3, 4) :
A T Coordinates of B' =(-3, 6) 12
2l i +
| £ | Coordinates of C' =(~1, 6)
]ﬂ" _ Coordinates of D' =(-1, 4)
IR SN

(b) The positions of ABCD and A'B'C'D' are different but their shapes

and sizes are the same.
© 2009 Chung Ta Educational Press. 4ll nghts resewed.m
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§:) Reflection

In Figure 9.11, straight line 4B is like a mirror and the solid-lined figures
are reflected along 4R to obtain the dotted-lined figures. This kind of
transformation is called reflection.

A
-1
//f Jz
> T
v ¢
A !
A B .
& oo
T e b
\\\ ’,:? \",— e
o
B
(a) (b)
Figure 9.11

I. Reflection along the x-axis or y-axis

In Figure 9.12, A'R' is the image of reflecting AB along the x-axis, under P

which EE, 5 |
A(2, 1)is transformed to A'(2, —1); i A/
B(3, 2)is transformed to B'(3, -2). 4= :-| + —— >l
Therefore, on a rectangular coordinate plane, i ml L\ T
=T 3 B
If the coordinates of 4 are (x, y), and 4 is Figure 9.12

reflected along the x-axis to the image A',
then the coordinates of A' are (x, —y).

@Eﬁenslan } 9.3

In the figure, AABC is reflected along the x-axis to obtain the image
AA'B'C'. Draw AA'B'C" in the figure, and find the coordinates of the
vertices of AA'B'C".

© 2009 Chung Ta Educational Press. 4ll rights reserved.
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In Figure 9.13, A'B' is the image of reflecting AB along the y-axis, under
which

A(2, 1)is transformed to A'(-2, 1);
B(3, 2)is transformed to B'(-3, 2).

Therefore, on a rectangular coordinate plane,

If the coordinates of A are (x, y) and 4 is
reflected along the y-axis to the image A',
then the coordinates of A" are (—x, y).

@Extemlon ) 9.4

In the figure, AABC is reflected along the y-axis to obtain the image
AA'B'C'. Draw AA'B'C" in the figure, and find the coordinates of the
vertices of AA'R'C".

- .-.‘:..I T

- LOF . B
Sl f.aan § e e
IS, SR Al
=4 -
¥
A
B\. N /"8 .
3 (N -
A A
L] T : L] : : :.X
b b hHO I 2 3
Figure 9.13
J” 5
A
14

II. Reflection along a straight line parallel to a coordinate axis

In Figure 9.14, straight line L is parallel to the x-axis and is 3 units
above the x-axis. 4'B' is the image of reflecting 48 along straight line Z,
under which

A(2, 1) is transformed to A'(2, 5);

B(3, 2) is transformed to B'(3, 4).

In Figure 9.15, straight line £ is parallel to the y-axis and is 1 unit to the
right of the y-axis. 4'B' is the image of reflecting A8 along straight line
L, under which

A(2, 1) is transformed to A'(0, 1};

B(3, 2) is transformed to B'(-1, 2).

-

A

.

|
L,
[
e B

Figure 9.14

L 4O |}
5 e} -

Figure 9.15
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Exaihple 9.13 Changes in coordinates after reflection %W
sswork U,

(a) In the figure, quadrilateral ABCD is reflected along straight line Z,
to obtain the image 4,B8,C;D,. Draw ABCD and 4B;CD; on the

(a) In the figure, quadrilateral ABCD
isreflected along straight line £,

same rectangular coordinate plane. to obtain the image A,8,C, 0.

v oL Craw A,8,C,0; in the figure.
[y _ Ly v
e o £ . o o : [
7 _C =l B

i &

o o
= e
4t =
C-l il
1

P 0 :
=4 N L S8 A
E —.2 —-.1 o I . e
T Ea
e L+
e N -5 1
5=
(b) If A,B,C,D, is the image of reflecting 4,8,C,D, obtained in (a) ;
along straight line Z,, draw 4A,B,C,D, on the rectangular coordinate i
plane in (a). . . | | |
(c) Find the coordinates of D,. [RIIT Az8acule (5 tie [fade af
reflecting 44 58,C, 0 obtained in (a)
along straight line L., draw
@0'"“0!! A,B,C,0, on the rectangular

coordinate plane in (a).
(c) Find the coordinates of O,

(a), (b)

Trmgm

(c) Coordinates of D, =(-3, 6)

w © 2009 Chung Tal Educational Press. All rights reserved.
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(a) In the figure, quadrilateral ABCD is reflected along the y-axis to
obtain the image 4,BC1D;. Draw 4,B,C1D; in the figure.

o
4

.0,
T

U X
"
e
/‘ — T

L 4
p

(b) If AB,C{D; obtained in (a) is translated 5 units to the right and
3 units downwards to obtain the image 4,8,C,D,, draw 4,B,C. D,
in the figure.

. G000 FODPE 44084 S4BS5GRE SOR EGO 006 eSsIZ0D -|:J-'.‘"'—",' S L LT LTL
SE9SP BEE B ANSENRCETE ROATOTES Sevaw 8909 PHVLOSDORTEE 171

[ Graph paper is provided in the Appendix. ]

Level 1
1. The figure shows the positions of points 4 to D. Based on the

following table, find the coordinates of the image of each point
after translation.

Translate 2 units to the left and .

(@) A 3 units downwards A

" Translate 2 units to the left and .

(b) B 3 units upwards B
Translate 4 units to the right and ,

(©) ¢ 5 units downwards C
Translate 4 units to the right and .

(d) L D 5 units upwards D )

n

Y
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2. The figure shows the positions of points P to S. Based on the following y
table, find the coordinates of the image of each point after reflection. R"
4 %
Point Reflection Image ! o | P34
Q:5.5) A
(a) P Reflect along the x-axis b2 o
B A e B
: o I o 0
(b) Q Reflect along the x-axis o Rzt T
Dt
() R Reflect along the y-axis R —?: $al-3)
(d) s Reflect along the y-axis S 75T
3. The figure shows the positions of images 4' to D' after translating J-*:
points A to D respectively. Based on the following table, find the Cul
coordinates of each point before translation. 8,(_*3 1 4t
; 1
Point Translation Image 2 Wi 2)
@) 4 Translate 1 unit to the left and o ﬁ—ﬁ—:—g—l—g—h~
2 units downwards L LK
. C5 1)
b Translate 2 units to the left and . | L1
(b) B 3 units upwards B AASDMI
o Translate 4 units to the right and . =T
© & 2 units downwards €
Translate 3 units to the right and .
(@ i 1 unit upwards B
4. The figure shows the positions of images P' to S after reflecting y

points P to S respectively. Based on the following table, find the
coordinates of each point before reflection.

Point Reflection Image
(a) P Reflect along the x-axis P! b bbb __1_1:3’
(b) 0 Reflect along the x-axis Q' s34 1) f
(©) R Reflect along the y-axis R :4} a -4
(d) Y Reflect along the y-axis R

© 2009 Chung Ta Educational Press. 4ll rights reserved.
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5. Quadrilateral ABCD in the figure is transformed in each of the i

following ways to obtain the image A'B'C'D'. For each transformation, ,.:9 R b
draw ABCD and A'B'C'D)' on the same rectangular coordinate plane, | -
and find the coordinates of the vertices of A'B'C'D). A3, 0 T IDE )

Ty 1 T | | . i
(a) Translate 1 unit to the right and 2 units upwards. S=rF 1l LE 3 3 3l
(b) Translate 3 units to the left and 1 unit upwards.

(©)

6. AA4B

obtain the image A4'B'C". For each transformation, draw AABRC and
AA'B'C" on the same rectangular coordinate plane, and find the
coordinates of the vertices of A4'B'C".

Translate 2 units to the right and 1 unit downwards.

C in the figure is transformed in each of the following ways to i

(a) Reflect along the x-axis.
(b) Reflect along the y-axis.
7. ADEF in the figure is transformed in each of the following ways to Ly J—*’
3
obtain the image AD'E'F'. For each transformation, draw ADEF and o
AD'E'F' on the same rectangular coordinate plane, and find the : Ly
coordinates of the vertices of AD'E'F'. EEETHEEREEEMS
I e Ly
(a) Reflect along straight line Z. Lot
(b) Reflect along straight line Z,. _i’ T
| 100 44)
o
8. (a) In the figure, APOR is reflected along straight line Z, to obtain S
the image AP0 R;. Draw APOR and APQOR; on the same ._Rf:
rectangular coordinate plane. i i
(b) If AP,Q, R, is the image of reflecting AZ,(Q, R, obtained in (a) j &
along straight line Z,, draw AP,0OsR, on the rectangular 5 @
coordinate plane in (a).
(c) Find the coordinates of R,. 210 114841 ér;
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9. (a) Inthe figure, pentagon ABCDE is reflected along the x-axis to b
obtain the image 418,C1DE . Draw ABCDE and 4,8,C1DE4 a
on the same rectangular coordinate plane. 1

(b) If A{B,C D E, obtained in (a) is translated 6 units to the left I EEERENER
and 3 units downwards to obtain the image 4,8,C,D.E,, draw E g
AsB,C5DsE - on the rectangular coordinate plane in (a). Le '

(c) If pentagon ABCDE is translated 6 units to the left and 3 units B
downwards, and then reflected along the x-axis, does the image
obtained overlap 4,B.C,D-E,? Explain briefly. L

(&) Rotation

In Figure 9.16, the solid-lined figures are rotated about the centre of rotation O to obtain the dotted-lined

figures.
Rotating anti-clockwise Rotating cloclkwise Rotating anti-clockwise Rotating clockwise
through 90° through 90° through 180° through 180°

______ ) o&jf’ LW c G Ag!

g ol s | \\ T

L// \\, | o |

Wl s

A N

(a) (b) (c) (d) f.“ I—
Figure 9.16 ;(

I. Rotation anti-clockwise about the origin through 90°

In Figure 9.17, A4'B'C" is the image of rotating A4BC anti-clockwise
about the origin through 90°, under which
A(2, 1) is transformed to A'(-1, 2); G
B(4, 1) is transformed to B'(-1, 4);
C(4, 5) is transformed to C'(-5, 4).

Therefore, on a rectangular coordinate plane,

L 4

i
=

5 4 B8 b HU 2 2

If the coordinates of A are (x, y), and A is
rotated anti-clockwise about the origin Figure 9.17
through 90° to obtain the image A', then

the coordinates of A' are (—y, x).
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xam le 9.14 Changes in coordinates after rotating anti-clockwise ., T -
P & Classwork 9.14 .

about the origin through 90°

The vertices of APOR are P(3, 0), O(6, 2) and R(6, 0). APOR is rotated " the figure, AABC is rotated anti-
clockwise about the origin through

anti-clockwise about the origin through 90° to obtain the image AP’'Q'R". g0 14 gptain the image AABC.

Draw APQOR and AP'Q'R' on the same rectangular coordinate plane, and  Draw AAE'C in the figure, and find

find the coordinates of the vertices of AP'Q'R'. the coordinates of the vertices of
AAB'C,

Qolutlon [T | K

iy
F 3

L1

Coordinates of 7'=(0, 3)
Coordinates of O'=(-2, 6)

Coordinates of R'=(0, 6)

IL. Rotation clockwise about the origin through 90°

In Figure 9.18, AA'B'C" is the image of rotating A4BC clockwise about
the origin through 90°, under which

A(2, 1) is transformed to A'(1, —2);

B(4, 1) is transformed to B'(1, —4);

C(4, 5) is transformed to C'(5, —4).

Therefore, on a rectangular coordinate plane,

If the coordinates of A are (x, y), and A is
rotated clockwise about the origin
through 90° to obtain the image A', then
the coordinates of A" are (y, —x).

Figure 9.18
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% Additional Example 9.15
_ xample 9.15 Changes in coordinates after rotating clockwise

e
about the origin through 90° & Classwork 9.15

The vertices of APQR are P(3, 0), Q(6, 2) and R(6, 0). APOR is rotated In the figure, AABL is rotated

: ot o : : e clockwise about the origin through
clockwise about the origin through 90° to obtain the image AFP'Q'R'. 90° o pbtilm themace. AA G,

Draw APQR and AP'Q'R' on the same rectangular coordinate plane, and i, AAB'C in the figure, and find

find the coordinates of the vertices of AP'O'R". the coordinates of the vertices of
AA'B'C,

Coordinates of 7' = (0, —3)

Coordinates of O'=(2, —6)

Coordinates of R'= (0, —6)

III. Rotation about the origin through 180°

In Figure 9.19, quadrilateral 4'B'C'D' is the image of rotating quadrilateral
ABCD about the origin through 180°, under which

A(l, 2) is transformed to A'(-1, -2);

B(4, 1) is transformed to B'(-4, —1);

C(2, 3) is transformed to C'(-2, -3);

D(2, 4) is transformed to D'(-2, —4).

Therefore, on a rectangular coordinate plane,

If the coordinates of A are (x, y), and A is
rotated about the origin through 180° to
obtain the image A', then the coordinates Figure 9.19
of A' are (—x, —y).

T —

/ Are the images obtained by
'..b,rotating a figure clockwise ¥

= and anti-clockwise through
o~ \180° the same? /

3} Ea
@
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—

@&umlan ) 9.5

In the figure, AABC is rotated about the origin through 180° to obtain
the image AA'B'C'. Draw A4'B'C" in the figure, and find the coordinates
of the vertices of A4A'B'C".

: EXIB 916 Changes in coordinates after rotation and reflection %—\_ I_
Classwork 0.16 selion

The vertices of AOAB are O(0, 0), A(4, 2) and B(4, 0). AOARB is rotated T— e

n 5 = ¥ i I tne Tigure, IS refiectied along
clockwise about the origin through 90° to obtain the image AOAB;. the y-axIs to obtaln the Image ACA;B,.
AOA B is then reflected along the x-axis to obtain the image AOAB;. AGA, B is rotated clockwise about the

(a) Draw AOAB, AOA B, and AOA,B, on the same rectangular  ©Origin through 90° to obtain the
image ACA8;.

coordinate plane. ,
(b) Find the coordinates of 4, B, A; and B. )
| -
(c) Do AOAB and AOA,B; have the property of reflectional symmetry? ||
If they do, draw the axis of symmetry. ok
1 | | : N - |
80[“110!! e S}
_ | Py ND 2 84
(). (©)
o
i ]

(a) Draw AQAB and AQA,B, in the
figure.

(b) Find the coordinates of 4,, B, 4,
and B,

(c) Do AOAB and AOALE, have the
property of reflectional symmetry?
If they do, draw the axis of
symmetry,

(b) Coordinates of 4, =(2, —-4)
Coordinates of By = (0, —4)
Coordinates of 45 = &
Coordinates of By =(0, 4)

(c) AOAB and AOA;B, have the property of reflectional symmetry. The

axis of symmetry is straight line L.
© 2009 Chung Ta Educational Press. 4ll nghts resewed.u
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[ - Skills Upgrading Corner 9.5

In the figure, AABC is rotated about the origin through
180°, and then translated 6 units to the right and 6 units
upwards to obtain the image AA'B'C".
(a) Draw AA'B'C' in the figure.
(b)y Does quadrilateral AB'A'B have the following
properties?
(i) Reflectional symmetry

£ On dn
I i 1

(ii) Rotational symmetry

=~
N

P
-
o

Egt_ercise 9F

[ Graph paper is provided in the Appendix. ]

Level 1

1. The figure shows the positions of points 4 to . Based on the
following table, find the coordinates of the image of each
point after rotation.

h 4

-

[

Point Rotation (_a_bou't the origin) Image
(a) A Rotate anti-clockwise through 90° A
(b) B Rotate anti-clockwise through 90° B
(c) c Rotate clockwise through 90° c
(d) D Rotate clockwise through 90° n
(e) E Rotate through 180° ik
() F Rotate through 180° m

© 2009 Chung Ta Educational Press. 4ll rights reserved.




2. The figure shows the positions of images A' to F' after rotating ¥

points A to F respectively. Based on the following table, find the 1 4"
coordinates of each point before rotation. 524 | |
| ra
Point Rotation (about the origin) Image =1
e s
(a) A Rotate clockwise through 90° A :4 — :_] - :1 é 3 4' 8
EEN 3
(b) B Rotate clockwise through 90° B . | A3 -1
e, -2)
(c) & Rotate anti-clockwise through 90° ot £1l4, ) T
(d) D Rotate anti-clockwise through 90° o
(e) E Rotate through 180° B
() F Rotate through 180° A

3. AOPQ in the figure is transformed in each of the following ways to
obtain the image AOZ'(Q'. For each transformation, draw AOPQ and
AOP'(Q' on the same rectangular coordinate plane, and find the
coordinates of P' and ('

(a) Rotate anti-clockwise about the origin through 90°.
(b) Rotate clockwise about the origin through 90°.
(c) Rotate about the origin through 180°.

Lovel 2

4. In the figure, AOAB is rotated anti-clockwise about the origin
through 90° to obtain the image AQO4,B;. Then AQ4, B, is reflected 31
along the x-axis to obtain the image AOA, 3, . 5 414,21

(a) Draw AOAB, AOA,B, and AOA,B, on the same rectangular i
coordinate plane. - B4, 0

(b) Find the coordinates of A, By, A, and B. 3 T P ¢+ 1+ 3+ ¢ 1
(c) Do AOABR and AOA,B, have the property of reflectional
symmetry? If they do, draw the axis of symmetry.

5. Inthe figure, AABC is translated 4 units to the right, and then rotated ¥
about the origin through 180° to obtain the image AA'B'C".

(a) Draw AABC and AA'R'C' on the same rectangular coordinate
plane.

(b) Does quadrilateral AR'A'B have the following properties?

(i) Reflectional symmetry

(ii) Rotational symmetry

© 2009 Chung Ta Educational Press. All rights reserved.
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6. In the figure, rectangle ABCD is reflected along the x-axis to obtain b
the image 4;B,C,D;. Then A4,B,C;D; is reflected along the y-axis
to obtain the image A,B,C;D,.

(a) DrawABCD, A,B,C,D;and A,B,C,D, on the same rectangular
coordinate plane.

LB (2,5 G35

(b) (i) Find the coordinates of the vertices of image A4,8,C,D,. T P T D34
(ii) Find the coordinates of the vertices of image 4,8,C,D,. i :

(c) If ABCD changes to A4,B,C,D, after a single transformation, ot
describe the transformation.

|

2}
e
el g
i
]

3 Cha ter 3ummar apter Summa
£ Chapter summary

9

-

b

A. Term Iniroduced

[ This is a quiz to check your understanding of some special terms in this chapter. Match items in column A
to column B appropriately. ]

Column A Column B
1. Ordered pair . e (a) A system using two perpendicular lines
to locate the position of a point.
2. Rectangular ) e (b) Written in the form (x, ¥), and can be used
coordinate system to describe the positions of points.
3. Quadrant . e (c) A system using distance and angle to
locate the position of a point.
4. Polar coordinate system e ¢ (d) One of the four regions obtained by

dividing a rectangular coordinate plane
with the coordinate axes.

B. Fact to Remember

1. If x# y, and (x, ¥) is an ordered pair,
then (x, ¥)=(y, x).

2. Distances
(a) Two points on a horizontal line

I

If A and B are two points on a horizontal line, 4 is on the right :
of B, and the x-coordinates of A and B are a and b respectively, :
then AB =a - &. 1
b

v

GA——————
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=5, E ™ A

(b) Two points on a vertical line 4
If C and D are two points on a vertical line, C is above D, and ;
the y-coordinates of C and D are ¢ and d respectively, -
then CD =¢ — d.

3. In the polar coordinate system, the vectorial angle 6 is measured
anti-clockwise.
Pir 8)

g

> |

Polar axis

4. When A(x, ¥) is under the following transformations, the coordinates of its image are as follows:
(a) Translation: Translate 4 units to the right and k units upwards, the image is A'(x + A, y + k).
(b) Reflection : Reflect along the x-axis, the image is 4'(x, —y);
reflect along the y-axis, the image is 4'(—x, ¥).

(c) Rotation: Rotate anti-clockwise about the origin through 90°, the image is A'(—y, x);
rotate clockwise about the origin through 90°, the image is A'(y, —x);
rotate about the origin through 180°, the image is 4'(—x, —).

R 4

 Check Yourself

[ This is a quiz to remind you of the basic concepts you have learned in
this chapter. Each question tests a concept under the section listed on

the right. Failure in any part of a question indicates a need to do a
revision on the section listed. ] Section

1. (a) (i) In the figure, the coordinates of 4 are 1 [

( » ) & Lonfe KA
(ii) Mark point B(-3, —1) on the rectangular
coordinate plane. =

et

L 4

(b) Match items in column A to column B T L Lol | 2 %
appropriately. il
Column A Column B _/

(3, 5) lies . e on the x-axis b
(-5, 4) lies . e on the y-axis

(-3, 0) lies L e in quadrant I

(3, -1) lies . e in quadrant II

(-2,-3) lies o ¢ in quadrant III

(0, 4) lies in quadrant IV
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2. Four points A(-3, -2), B(2, -2), C(4, 2) and D(4, 6) are given. Find
the distance between each pair of points below.

(a) AandB
(by Cand D
3. (a) In the figure, the area of trapezium ABCD is
12 :
square units. !
el
i E.
] ] I | ] D,‘_ k
I HEREEY N
(b) Find the area of quadrilateral ZQRS in the figure.
Q0. 3)
P(-5,-1)
4. The figure shows a polar coordinate plane. _— K- -
(a) The polar coordinates of A4 are e ¥ N
N WP L AR
1500 X K \30°
( » ) I."'f .‘-:/(x :‘K""‘:}'f’ /ﬁ_}\:\; “'\II
(b) Find ZAOB. O L M e T A . 8
] l'l I' I}\’"-.! }9“\/51 .,'II" JII% &
e, N | & s
) I \>/_//
o g gl [ '50[_‘:1';1
270°
5. (a) Ifthe point A(1, 3) is translated 3 units to the left, then the new

(b)

6. (a)

(b)

coordinates of A are

E(0, —2) is translated 6 units to the right and 5 units downwards
to obtain the image E'. Find the coordinates of £'.

If the point B(3, —4) is reflected along the x-axis to B, then the

coordinates of B' are

F(-5, 6) is reflected along the y-axis to obtain the image /.
Find the coordinates of F'.

© 2009 Chung Ta Educational Press. 4ll rights reserved.
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7. The figure shows a rectangular coordinate plane. Ly

A
(a) If C(1, 2) isreflected along straight line Z4 2 g!],“
to C', then the coordinates of C' are 1
£ 2 1] o

(by G(-3, -5) is reflected along straight line

L, to obtain the image '. Find the

coordinates of .

8. (a) If D(-2,-1)isrotated clockwise about (0, 0) through 90° to D',

then the coordinates of D' are

(by H(-7, 4)is rotated about the origin through 180° to obtain the
image H'. Find the coordinates of A"

Revision Exercise 9

Ll - &8 s 88
0 NEGGd SHRAN SRSDE SPNONse  BEd G40 Ssdd A8bods néissdnSenandan
SENOF CEE P SNESUDSRED VURENCDE EEERS SUoR FNERUGNBERORDRGER ERFREDUYRES

[ Graph paper and a polar coordinate plane are provided in the Appendix. ]

Level 1

1. Write down the coordinates of points A4 to & in the figure.
¥

)

rm

2. (a) Mark two points A(-3, 4) and B(-2, 2) on a rectangular coordinate plane.
(b) Join AB.

Ly

9.6C

(c) Produce line segment 4B and write down the coordinates of the points where 438 cuts the

x-axis and the y-axis.

© 2009 Chung Ta Educational Press. All rights reserved.
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3. (a) Mark four points A(2, 1), B(3, 3), C(-2, 3) and D(-3, 1) on a rectangular coordinate plane.
(b) Join the points according to the order A, B, C, D and A.
(c) What kind of quadrilateral is ABCD?
(d) Write down the coordinates of the point of intersection of the diagonals of ABCD.

4. Find the distance between each pair of points below.
(a) A(1, 2), B(1, 6) (b) P(-4,3), 07, 3)
(c) X(-2,5), (-2, -3) (d) S(-5,-6), T4, -6)

5. It is given that three vertices of rectangle ABCD are A(-8, 5), B(-2, 5) and C(-2, -3).
(a) Mark the points A4, B and C on a rectangular coordinate plane.
(b) Find the coordinates of the fourth vertex D.

6. Find the area of the shaded region in each of the following figures.
: (b)

7. (a) Mark three points A(4, 30°), B(4, 150°) and C(4, 270°) on a polar coordinate plane.
(b) What kind of triangle is ABC?

8. For the following points, find the coordinates of their images after transformation as follows.

Coordinates before

. Transformation
transformation

Translate 3 units to the left and

@ (3,2) 2 units upwards
Translate 5 units to the right and
(b) =8) 4 units downwards
() (5,-1) Reflect along the x-axis
(d) (-4, 2) Reflect along the y-axis
Rotate anti-clockwise about the
() . -1) origin through 90°
Rotate clockwise about the
@ (3;6) origin through 90°
() (-1,-3) Rotate about the origin through 180°

4
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9. For the following images, find the coordinates of the points before transformation as follows.

10.

11.

Coordinates after

Transformation Hahsibrnation

Translate 3 units to the left and

(@) 2 units upwards (-4.-9)
Translate 5 units to the right and

() 4 units downwards @,-5)

(©) Reflect along the x-axis (2, 6)

(d) Reflect along the y-axis (3,-8)
Rotate anti-clockwise about the

(€) origin through 90° (+12,10)

Rotate clockwise about the
@ origin through 90° (75
() Rotate about the origin through 180° (4,-8)

AABC in the figure is transformed in each of the following ways to
obtain the image A4'B'C’'. For each transformation, draw AABC and
AA'B'C' on the same rectangular coordinate plane, and find the
coordinates of the vertices of image AA'B'C".

(a) Translate 2 units to the right and 1 unit upwards.
(b) Translate 3 units to the left and 3 units upwards.

(c) Translate 4 units to the right and 2 units downwards.

ADEF in the figure is transformed in each of the following ways to
obtain the image AD'E'F'. For each transformation, draw ADEF and
AD'E'F' on the same rectangular coordinate plane, and find the
coordinates of the vertices of image AD'E'F'.

(a) Reflect along the x-axis.

(b) Reflect along the y-axis.

© 2009 Chung Ta Educational Press. All rights reserved.
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12. ATUV in the figure is transformed in each of the following ways
to obtain the image AT"L'V". For each transformation, draw ATUV
and ATV on the same rectangular coordinate plane, and find
the coordinates of the vertices of image AT L',

(a) Reflect along straight line Z;.

(b) Reflect along straight line Z,.

13. Quadrilateral FQRS in the figure is transformed in each of the
following ways to obtain the image P'Q'R'S'. For each
transformation, draw PORS and P'Q'R'S' on the same rectangular
coordinate plane, and find the coordinates of the vertices of image
PO'R'S.

(a) Rotate anti-clockwise about the origin through 90°.
(b) Rotate clockwise about the origin through 90°.

(c) Rotate about the origin through 180°.

Level 2

Lo

14. (a) Mark four points A(3, 45°), B(3, 135°), C(3, 225°) and IX3, 315°) on a polar coordinate plane.
(b) Join the points according to the order A, B, C, D and A. What kind of quadrilateral is ABCD?

(c) Find the area of quadrilateral ABCD.

15. In the figure, the cave of a mouse is located at the pole of a polar
coordinate plane. A snake is moving from (5, 60°) to the cave.
The following table shows the locations of the snake at the
different times.

Time (min) 0 1 2 3 4

Polar

coordinates | (> 60°) | (4,90°) | (3,120°) | (2, 150°) | (1, 180°)

(a) Mark the locations of the snake on a polar coordinate plane.

(b) Which quantity, the radius vector or the vectorial angle,
should be used to determine whether the snake is
approaching the cave? According to the quantity chosen, is
the snake approaching the cave?

v
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16.fIn the figure, the polar coordinates of 4 and B are (3, 60°) and
3, 180°) respectively. Draw each of the following triangles on a

polar coordinate plane.
(a) Isosceles triangle ABC
(b) Equilateral triangle 48D

[Hint: A protractor can be used.]

17. In the figure, a crab starts from 4 and moves along AB, BC, CD
and DE to reach . Find the total distance travelled by the crab. g2 | cn 3

B D1, -1)

Al=2, —4)

¥

18. The following are the coordinates of the vertices of polygons. Draw each polygon on a rectangular
coordinate plane and find its area.
(a) A(-3,0),B(-3,4),C(2,2)
(b) P4, 0), 04, 5), R(2, 5)
(c) A(-2,-1), B(2,-1), C(2, 3), D(-4, 3)

19. Find the area of the shaded region in each of the following figures.

) ( y ) (b) A
/ : B .
D =
[ | . - ) -"""'-.
-4 1 - _1:6} 1 i i \' | g il
[ gl - _4\‘3 -2 4] | 2
| P = W il
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(c)

20. In the figure, AABC is reflected along straight line Z to obtain the
image A41B,C;. Then A4,B,C; is rotated clockwise about the origin
through 90° to obtain the image A4,R,C;.

21.

22.

(@)

(b)
(©)

Draw AABC, A4.B,C and A4,B,C, on the same rectangular
coordinate plane.

Find the coordinates of the vertices of image A4BC;.

Find the coordinates of the vertices of image A4,B;C;.

In the figure, APOR is rotated anti-clockwise about the origin
through 90° to obtain the image A2;O;R,. Then AP{(Q R, is rotated
about the origin through 180° to obtain the image AP,O-R,.

(a)

(b)

(c)

Draw APOR, AP1QOR and AP,O,R, on the same rectangular
coordinate plane.

(i) Find the coordinates of the vertices of image AP (O R ;.
(ii) Find the coordinates of the vertices of image AZ,(:R5.

If APOR changes to AP,0;R, after a single transformation,
describe the transformation.

In the figure, quadrilateral PORS is rotated about the origin through
180° to obtain the image P;Q¢RS;. Then P1QRS; is reflected
along the x-axis to obtain the image P,0;R>S5.

(@)

(b)

(c)

Draw PORS, P1ORS; and P;(O-R,S, on the same rectangular
coordinate plane.

(i) Find the coordinates of the vertices of image P{(QRS;.
(ii) Find the coordinates of the vertices of image Z,(0,R,S, .

If PORS changes to P,Q-R,S; after a single transformation,
describe the transformation.

!{
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=N
23. In the figure, AABC is reflected along straight line Z to obtain the Ly
image A4,B,C, and then translated 4 units downwards to obtain “
the image AA4.B,C,. A4,B,C, is then rotated clockwise about the | 4 B

origin through 90° to obtain the image A4 ;B;C5.

(a) Draw AABC, A4,BCq, A4;B,C; and A43B;C5 on the same =48
rectangular coordinate plane. -
(b)y Do AABC and A43;BsCs have thg property of reflectional T :1 = :1 z 3 4 b
symmetry? If they do, draw the axis of symmetry. e
MC Question
24. In the figure, ZPOQ = A -1
105¢ 90% g B. -2
135012.00__ 60° B c. 3
15094 N\ )\30° D
1659 AP 15%
i - &5 26. Inthe figure, find the area of pentagon ABCDE.
The > e Ol e
195 T 345
210°%, 330°
2250 7 s
2408 255'0 — 2850'3000
A, 135°
B. 165°.
C. 1957
D. 225°

25.

Given that the distance between A(x, 1 — 2y)
and B(x, —6) is 9 units, find the value of y.

&
7

Al 1 =2y

%]

Bix —B)

© 2009 Chung Ta Educational Press. 4ll nghts resewed.u

24.

10 square units
15 square units
22 square units

A.
B.
C.
D.

28 square units

P(-2, -2) is translated 5 units to the left and
7 units upwards to obtain the image P'. Find
the coordinates of P'.

A, (-7,-9)
B. (-7,5)
C. (3,5
D. (3,9
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28. In the figure, R(3, 2) is reflected along straight 29. S(-5, 1) isrotated clockwise about the origin
line I to obtain the image R'. Find the through 90° and then reflected along the y-axis
coordinates of R'. to obtain the image §'. Find the coordinates of §'.

S £ A. (5, 1)
Reitititssdonchond B. (1,-5)
RIi3. 21
| (>_.<- )-: C. (-1,5)
s D. (-5,-1)

L1
A, (0,2)
B. (-3,2)
€ g
D. (-9,2)

Problem-solvlng and Explorlng

o5 Suumn aee c,_,'»__.
2oBEs BEE © HwEw

2}; Hint for the Title Page Question

In the following, describe the path of the piece @ to catch the piece @

@‘

10 .
’ s .. .

8 TYYSeT T

7 Fa '-

° SFapuDas
2 @ ilf ‘: N + 3
# e es] | [ ]

3

2

i

ABCDZEF GH I
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Additional Question

1. The game gobang is modified from the traditional Chinese gobang.

Materials needed: Two rectangular coordinate planes on which the f
same whole numbers are marked (to be used as -
checkerboards) and a piece of white paper (to be . = i

used to record the coordinates of the pieces) as
shown below.

Record sheet

Player A

Player B

Number of players: 2

V7 iaaa

Rules: i. Each player takes a rectangular coordinate plane. One uses *X’ as pieces while the other uses
‘O’ ag pieces.

ii. Each player marks the coordinates of his/her pieces on the record sheet in turn and the
positions of the pieces on his’‘her own checkerboard.

ili. The one who can arrange 5 of his/her pieces in a line wins. The records of the winner on the
record sheet must be correct; otherwise, the other player wins. In case of disagreements, both
players are allowed to check the record sheets and the corresponding checkerboards.

gobang 7 F 43
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2. When we stand in front of a magic mirror, our images will be distorted. In fact, we can bend a rectangular
coordinate plane to simulate the effect of a magic mirror. The method is as follows:

Draw arectangular coordinate plane on a graph paper, and draw a picture on it.

Draw some equidistant arcs to form another coordinate plane.

Corresponding
tothe yaxis=—®7 6 5 4 2 2 1

e
Corresponding
to the x-axis

Transfer all points on the rectangular coordinate plane to the corresponding
coordinates on this coordinate plane.

T 68 54 3 2 1 0

Similarly, draw the image of yvour favourite figure on a magic mirror.
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